Abstract: A total of 112 Au-nuggets, collected from alluvial placer deposits of the Ingarinda River from the Guli massif, located in northem Siberia, Russia, were investigated. The Guli massif consists of a huge dunite-clinopyroxenite complex (the largest complex in the world), an alkaline to highly alkaline rock suite (melilite, nephelinite, ijolite) enveloping the dunite and carbonatite intrusions, associated with disseminated schlieren type chromitite and Au-Ag, Pt placer deposits. The nuggets are characterized by various sizes and shapes and show chemical compositions Au, Au-Ag and AuCu, typical for a derivate of carbonatites and/or ultramafic complexes. A great variety of oxide, silicate, REE-minerals, carbonate and sulphide inclusions have been detected in the nuggets, which are identical in mineralogy and chemical composition to mineral constituents of the alkaline to highly alkaline rock suite surrounding the Guli dunite core complex thus, considered as the source for Au-nuggets.
Introduction, geological settings
The Guli dunite-clinopyroxenite massif is located in the Maimechia-Kotui province in the northern part of the Siberian Platform (Taimyr Province, Russia). According to geophysical data, the Guli massif occupies an area of 2000 km 2 at an intersection of two paleorifts: the meridional Taimyr-Baikal and the latitudinal Yenisei-Kotui paleorift [1] . The Guli massif consists of an ultramafic complex, an alkaline suite, and carbonatite intrusions ( Fig. 1) . Ultramafic rocks are composed of dunite with occasional highly disseminated to schlieren-type chromitite occur- The Guli placer-forming sediments are related to the Ingarinda, Saby, Gule and Selinga rivers, and their tributaries. Recent and Upper Quaternary alluvial, fluviatile and terrace beds are productive for platinum group minerals (PGM) and native gold [2] [3] [4] [5] [6] [7] . The precious metal nuggets are particularly located between unconsolidated sediments and bedrock. It is suggested that the placer deposits were formed during unroofing and disintegration of rocks of the Guli massif after Early Cretaceous times [5] [6] [7] . This Study represents a detailed mineralogical and geochemical investigation of representative composite Au nuggets from the Ingarinda River. These results are compared with a detailed study of the alkaline rock sequences located between the dunite core complex and the carbonatite intrusion, in order to find the source rocks for the Aunuggets.
Methods
A detail mineralogical, petrological and geochemical investigation was carried out, on the basis of 112 Au-nuggets and five selected drill cores (Z2, Z3, Z4, G28 and Z12). 112 Au-nuggets were collected from Ingarinda river placer deposits. The drill core locations were selected from the periphery of the dunite core complex in the direction of the carbonatite intrusion. The rock suite investigated is composed of dunite at the periphery of the dunite core complex, showing the typical cumulate texture of the olivine melanephelinites, clinopyroxenite and carbonatite.
Sample preparation and investigation were completed at Leoben University (Montanuni Leoben) in Austria. Microscopy investigation used an OLYMPUS BX 40 and BX 60 Microscope with different magnitudes, Raman spectroscopy used a Jobin Yvon Raman LABRAM spectroscope frequency equipped with a double-Nd-YAG laser (100 mW, 532.2 nm), He-laser (633 nm) and CCD detector matrix. Laser focusing and sample viewing was performed at the Analytical Chemistry Department used for major and trace elements analyses of the host rocks chemistry. 
MORPHOLOGY AND SIZE OF
THE GOLD NUGGETS Morphometric and morphological analyses of gold nuggets have been used as indicators of the transport mode, the transport distance and also for the source the gold might have been derived from [15] , [16] . The grain size of nuggets is through an OLYMPUS BX 40 microscope with reflected and transmitted light. Mineral chemistry composition was determined by electron microprobe techniques (ARL SEMQ 30; 15 kV; 15 nA) using certain standards (Mineralogy and Petrology department). XRF and ICP-MS equipment at the Analytical Chemistry Department used for major and trace elements analyses of the host rocks chemistry.
Morphology and size of the gold nuggets
Morphometric and morphological analyses of gold nuggets have been used as indicators of the transport mode, the transport distance and also for the source the gold might have been derived [8, 9] . The grain size of nuggets is mainly a function of transport distance and/or the period of time a particular particle has remained in transport. Thus, grains bigger than 20 mm are supposed to be deposited a few km from the source area, whereas particles with a grain size between 3 and 20 mm could have been transported 10-15 km away from the source area [10] . In this study, 112 nuggets were investigated with respect to their grain size and morphology. The investigation was carried out using a binocular equipped with a digital camera. Grain size was also determinate (i.e. equivalent circle diameter).
The main proportion of the gold nuggets reveal a middle dimension dm (dm = (L + W)/2) between 0.25 and 1.0 mm, 10% of the nuggets show a dm between 0.125 and 0.25 mm, 38% are bigger than 0.25 mm and 39% show a dm between 0.5 and 0.1 mm (Fig. 2) . Similarly, 96% of 
CHEMICAL COMPOSITION OF
THE GOLD NUGGETS The chemical composition of the nuggets was determined using an ARL-SMQ electron microprobe, equipped with a LINC EDS. Analysis conditions were a beam current of 15kV at 20nA, using mineral standards for quantitative analyses. Representative compositions of gold nuggets are given in Table 3 . Argentian gold (containing 5-20wt.% Ag), electrum (containing 20-60wt.% Ag), tetraauricupride and pure gold (< 5wt.% Ag) have been found amongst the Guli nuggets, as single and composite grains. The composite nuggets are complex in composition in terms of electrum (e.g. with varying Au:Ag ratios) with oriented exsolution lamellae of tetra-auricupride and an outer pure gold rim, quite and [7] . The maximum Cu-content detected in the nuggets in this study is 4wt.% in Au-Ag-Cu composite grains and up to 3.26wt.% in single grains. Characteristically, the distribution of Au, Ag and Cu is very inhomogeneous from core to rim and no regular zonation cold be detected. Pure gold (i.e > 98 wt.% Au) typically forms up to 5µm thick irregular outer rims. Less commonly, pure gold has been found as irregular patches within the core portions of the nuggets with a sharp contact to the host. These patches are often related to micro fractures (Fig. 4/a) , indicating that the pure gold was formed by selective removal of Ag and Cu along the micro fractures. Pure gold has also been detected as single nuggets. 4. CHEMICAL COMPOSITION OF THE GOLD NUGGETS The chemical composition of the nuggets was determined using an ARL-SMQ electron microprobe, equipped with a LINC EDS. Analysis conditions were a beam current of 15kV at 20nA, using mineral standards for quantitative analyses. Representative compositions of gold nuggets are given in Table 3 . Argentian gold (containing 5-20wt.% Ag), electrum (containing 20-60wt.% Ag), tetraauricupride and pure gold (< 5wt.% Ag) have been found amongst the Guli nuggets, as single and composite grains. The composite nuggets are complex in composition in terms of electrum (e.g. with varying Au:Ag ratios) with oriented exsolution lamellae of tetra-auricupride and an outer pure gold rim, quite characteristic of Guli nuggets [3] , [4] . Cu and [7] . The maximum Cu-content detected in the nuggets in this study is 4wt.% in Au-Ag-Cu composite grains and up to 3.26wt.% in single grains. Characteristically, the distribution of Au, Ag and Cu is very inhomogeneous from core to rim and no regular zonation cold be detected. Pure gold (i.e > 98 wt.% Au) typically forms up to 5µm thick irregular outer rims. Less commonly, pure gold has been found as irregular patches within the core portions of the nuggets with a sharp contact to the host. These patches are often related to micro fractures (Fig. 4/a) , indicating that the pure gold was formed by selective removal of Ag and Cu along the micro fractures. Pure gold has also been detected as single nuggets. the nuggets show a maximum length (L-max) smaller than 2 mm with 79% of them having an L-max between 0.25 and 1.0 mm. The majority of the nuggets show an ECD (= the equivalent circle diameter, defined as L. W, according to Bonev [11] ) between 100 and 500 µm (59.05%), 40.95% have an ECD (Equivalent circle diameter) between 500 and 2000 µm. The ratio between length and width of the nuggets (i.e. the anisotropy 2 − D = L/D) is > 1.0, 12% of the nuggets show a 2-D ratio between 1.0 and 1.1, very typical for highly spheroidal particles, 34.48% have a 2-D ratio between 1.3 and 1.6, and 6.25% of the nuggets reveal a 2-D ratio between 1.8 and 2.
The shape of the gold nuggets was determined by roundness and sphericity using the classification scheme of Krumbein [12] . The majority of the nuggets show a roundness (R) between sub-angular (R = 0.3; 18.75%), rounded (R = 0.5; 42.75%), and well-rounded ( R =0.7;
19.74%). The sphericity (S), shown in Fig. 3 ; lies predominantly between 0.3 and 0.7.
The size and morphological characteristics indicate a transport distance of around 20 km from the source area.
Chemical composition of the gold nuggets
The chemical composition of the nuggets was determined using an ARL-SMQ electron microprobe, equipped with a LINC EDS. Analysis conditions were a beam current of 15 kV at 20 nA, using mineral standards for quantitative analyses. Representative compositions of gold nuggets are given in Table 3 . Argentian gold (containing 5-20 wt.% Ag), electrum (containing 20-60 wt.% Ag), tetra-auricupride and pure gold (< 5 wt.% Ag) have been found amongst the Guli 4 0.05wt%). Fineness from 407 to 660. (G5; G96; G97; G98.) (III) Au X Ag (x > 6 Cu-content 0.46wt %). Fineness from 915 to 951 (G6; G8; G12; G14;G16;G17; G18; G19; G42; G52; G58; G59;G67 nuggets, as single and composite grains. The composite nuggets are complex in composition in terms of electrum (e.g. with varying Au:Ag ratios) with oriented exsolution lamellae of tetra-auricupride and an outer pure gold rim, quite characteristic of Guli nuggets [2, 3] . Cu in Guli nuggets was first reported by [4, 13] . The maximum Cucontent detected in the nuggets in this study is 4 wt.% in Au-Ag-Cu composite grains and up to 3.26 wt.% in single grains. Characteristically, the distribution of Au, Ag and Cu is very inhomogeneous from core to rim and no regular zonation cold be detected. Pure gold (i.e. > 98 wt.% Au) typically forms up to 5 µm thick irregular outer rims. Less commonly, pure gold has been found as irregular patches within the core portions of the nuggets with a sharp contact to the host. These patches are often related to micro fractures (Fig. 4a) , indicating that the pure gold was formed by selective removal of Ag and Cu along the micro fractures. Pure gold has also been detected as single nuggets.
Classification of the gold nuggets
On the basis of compositional characteristics, the Guli nuggets investigated can be classified into the following groups:
11.43% of the nuggets investigated belong to this class. The nuggets are defined by tetra-auricupride as single mineral phase, or tetra-auricupride with electrum in composite nuggets. (G3; G26; G63; G65; G70; G71; G74; G77). (II) Au-Ag nuggets 78.86% of the investigated nuggets belong to this class. Depending on the following, sub-classes can be distinguished: (IIA) AuAgx(x > 1 and Cu-content < 0.05 wt%).
Fineness from 407 to 660. (G5; G96; G97; G98.) (IIB) AuAg-Au 1.9 Ag (Cu-content 1.63 wt%).
Inclusions in Au-nuggets, genesis and derivation from rocks of the Guli Massif 199 phases are attached to the gold nuggets at the rim. In these cases the attached mineral phase is termed "intergrowth" in the following detail. compositional characteristi provide some indications of the nuggets. 
Oxides
Oxide inclusions occur in all gold classes distinguished.
Ti-magnetite to Cr-magnetite, perovskite and ilmenite had been found as inclusions in the gold nuggets. Perovskite was found intergrown with gold, ranging in size up to 5µm. Representative microprobe analyses are shown (Table 4; 
Titanite (sphene)-inclusi intergrowths
Titanite is found in polypha and dominantly intergrown associated with amphibo chlorite, clinopyroxene and N phlogopite and pentlandite Titanite in the Guli gold nug Fineness from 663 to 790. (G11; G15; G21; G25; G29; G32; G33; G36; G40; G49; G53; G68; G69; G99; G103; G104). (IIC) Au 2 Ag-Au 3.9 Ag (Cu-content 3.26 wt%)
Fineness from 774 to 870. (G1; G2; G4; G9; G10; G13; G22; G24; G30; G35; G37; G39; G41; G44; G47; G51; G54; G56; G75; G76). (IID) Au 4 Ag-Au 5.9 Ag (Cu-content 1.45 wt%)
Fineness from 878 to 920 (G20; G27; G38; G45; G46; G55; G60; G72) (III) Au X Ag (x > 6 Cu-content 0.46 wt%).
Fineness from 915 to 951 (G6; G8; G12; G14;G16;G17; G18; G19; G42; G52; G58; G59;G67
Solid inclusions in the Guli gold nuggets
The detailed microscopic study of the gold nuggets revealed a great variety of solid inclusions. Quite commonly mineral phases are attached to the gold nuggets at the rim. In these cases the attached mineral phase is termed "intergrowth" in the following detail. An overview of all the solid inclusions found in the Guli nuggets is illustrated in Table 2 . The abundance of solid inclusions with respect to the gold nugget classification is summarised in Fig. 5 . The investigation of these inclusions and their compositional characteristics should provide some indications of the source of the nuggets.
Oxides
Ti-magnetite to Cr-magnetite, perovskite and ilmenite had been found as inclusions in the gold nuggets. Perovskite was found intergrown with gold, ranging in size up to 5 µm. Representative microprobe analyses are shown (Table 4 , 5). Ilmenite (up to 50 µm in size) is an inclusion mineral in gold containing between 1.2 and 1.84 wt% MnO and up to 3.37 wt% MgO. Magnetite forms the main oxide inclusion mineral in gold. Four types of magnetite were detected on the basis of its chemical composition: a) magnetite with some Al and Mg impurities, b) Ti-magnetite with up to 21.1 wt% TiO 2 ) Ti-Cr-magnetite, characterized by up to 8.1 wt% of TiO 2 and 3 wt% of Cr 2 O 3 , and c) Cr-magnetite, containing up to 27.4 wt% Cr 2 O 3 . They are small in size (up to 2 µm), and commonly associated with dolomite and serpentine.
Silicates
Silicate inclusions are common in all distinguished classes of gold nuggets.
Quartz
Quartz forms small (up to 2 µm in size), typically single inclusions in gold. However, in one nugget (G36) quartz was [14] .
found in a two-phase inclusion associated with clinopyroxene.
Titanite (sphene)-inclusions and intergrowths
Titanite is found in polyphase inclusion and dominantly intergrown with gold, associated with amphibole, calcite, chlorite, clinopyroxene and Na-pyroxene, phlogopite and pentlandite (Fig. 8D) . Titanite in the Guli gold nuggets contains up to 1.38 wt% FeO identical to those titanites in rocks of the alkaline suite (i.e. up to 2 wt% FeO) of the Guli Massif.
Olivine
Olivine (50 µm in size) occurs intergrown with gold nuggets, associated with clinopyroxene and magnetite (Fig. 8A) . The composition of olivine included in gold is characterized by Fo 84-88, somewhat lower than those from the dunites of the Guli Massif (i.e. Fo 84-93, [15] , almost identical to those from the cumulate dunites enveloping the Guli dunite complex (i.e. Fo 84-87), but higher than the olivine Fo in melanephelinites from the alkaline suite (i.e. Fo 78-82). Cr-contents are very low (i.e. around 0.06 wt% Cr 2 O 3 ), Ni up to 0.33 wt% NiO, MnO up to 0.3 wt%, and CaO in the range of 0.24 wt% .
Clinopyroxenes
Clinopyroxenes are abundant mineral inclusions and are intergrown in/with the gold nuggets. Diopside (Mg# = 69-83) clearly predominates over augite (Mg# = 58-83) and aegirine ( Figure 6 , classification after Morimoto [14] ). Most are mono-phase inclusions of diopside, subordinately augite and aegirine, rarely polyphase inclusions of diopside + olivine, diopside + serpentine + chlorite, diopside + magnetite + serpentine + chlorite occur (Fig. 8) . Clinopyroxenes contain Ti and Al concentration (i.e. up to 4.23 wt% TiO 2 and 4.18 wt% Al 2 O 3 ), aegirine contains up to 13.1 wt% Na 2 O. The composition of clinopyroxene inclusions in the gold nuggets is identical to that in rocks of the alkaline suite of the Guli massif.
Amphibole
Amphiboles form quite common (although less abundant than clinopyroxene) inclusions and intergrowths with the gold nuggets. According to the amphibole classification [16] , all amphiboles belong to the sodic-calcic and sodic-alkaline family, where katophorite, winchiterichterite and ribeckite-arfvedsonite series can be distinguished (Fig. 7) . Amphibole inclusions are predominantly part of the richterite-arfvedsonite series, whereas those intergrown with gold belong to the ribeckite-arfvedsonite series. Amphibole inclusions are almost identical in com- Other minerals Melanite, as well as calcite and dolomite (around 2µm in diameter) form accessory monophase inclusions in gold nuggets, apatite, plagioclase, and K-feldspar were found intergrown with gold. Both serpentine and chlorite are considered as secondary minerals phases, although it is suggested (e.g. as with many monophase inclusions) that these minerals were generated already in the host rock, prior to nugget formation
Serpentine -Chlorite

REE-minerals
In nugget G21 (class II) two lath-shaped (width of the laths < 3µm) REE containing minerals were found in polyphase inclusions. Zirkelite 
Other minerals
Melanite, as well as calcite and dolomite (around 2 µm in diameter) form accessory monophase inclusions in gold nuggets, apatite, plagioclase, and K-feldspar were found intergrown with gold.
Serpentine -Chlorite
Serpentine is dominantly intergrown with gold, and/or occurs together with clinopyroxene in polyphase inclusions. Serpentine intergrowths contain low concentrations of chromium and titanium (i.e. up to 0.17 wt% Cr 2 O 3 , Inclusions in Au-nuggets, genesis and derivation from rocks of the Guli Massif Both serpentine and chlorite are considered as secondary minerals phases, although it is suggested (e.g. as with many monophase inclusions) that these minerals were generated already in the host rock, prior to nugget formation
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REE-minerals
In nugget G21 (class II) two lath-shaped (width of the laths < 3 µm) REE containing minerals were found in polyphase inclusions. Zirkelite ((Ca,Th,Ce)Zr(Ti,Nb) 2 O 7 ) is associated with chlorite ( Figure 10-H) , and chevkinite ((Ce,La,Ca,Na,Th) 4 
Sulfide-inclusions
Sulfide inclusions are restricted to gold nugget classes I and II. They form inclusions only, except Pb, and are represented by spherically shaped dominated monophase, subordinately polyphase inclusions composed of different sulfide phases only (Table 6 ). Their size commonly does not exceed 10 µm. The abundance of sulfide inclusions with respect to the nugget classification is illustrated in Table 1 . The following could be distinguished: Chalcosine inclusion of 3.0 µm in size, in tetraauricupride only.
Nickeline 2 µm in size, included in tetra-auricupride and in Au 2 Ag.
Pentlandite forms anhedral crystals up to 6.7 µm in size and occurs together with breithauptite and parkerite in the gold nuggets.
Breithauptite up to 10 µm in size with the composition NiSb. Antimony (Sb) is replaced by arsenic with up to 7.82 wt%.
Bornite, galena and hessite appear as mono phase sulfides with a size below 2.6 µm in a gold (Au 1,1 Ag) nugget, excluding bornite which occurs below 20 µm in size.
Parkerite (around 1.4 µm in size) appears in AuAg nuggets, associated with breithauptite and pentlandite.
Chalcopyrite is the most common predominant monophase, rare polyphase (i.e. associated with pentlandite and pyrrhotite) sulfide inclusion.
Pure lead forms intergrowths with gold only, associated with magnetite, paradokrasite and cuprostibite.
Paradokrasite and cuprostibite are detected together with pure lead and magnetite, with sizes below 2 µm.
Conclusion
The main part of the gold inclusions consist the mineral phases clinopyroxene, aegirine , amphibole, phlogopite, spinelle ilmenite, perovskite and sulphide ( Table 2 ). This minerals assemblage (i.e. sphene associated with amphibole, calcite, chlorite, clinopyroxene and Na-pyroxene, phlogopite, and pentlandite (Fig 8D) is typical for alkaliultramafic sequence in form of veins and schlieres in cumulate ultramafic series.
The chemistry of determined solid inclusions in gold nuggets and the mineral phases in carbonatit-alkaliultramafic show a very similar.
Sulphide inclusions in gold exclude the possible formation of the gold under sedimentary conditions.
A large number of the paragenesis: olivine clinopyroxene gold and chromite gold are typical and known from alkali-ultramafic rocks.
Furthermore suggests (it can be concluded), that means gold source from alkali-ultramafic sequence can be obtained. 
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